• AIDS-related DLBCL is highly angiogenic with markedly higher blood-vessel density than sporadic cases.
Introduction
As we enter the fourth decade of the HIV/AIDS epidemic, the burden of AIDS-related lymphoma (ARL) remains substantial. After the introduction of highly active antiretroviral therapy (HAART), a dramatic decrease in opportunistic infections, Kaposi sarcoma, and primary central nervous system lymphoma (PCNSL) has been seen, but there has been a less marked decline with respect to systemic diffuse large B-cell lymphoma (DLBCL). A meta-analysis reported its incidence at 6.2 cases per 1000 person-years in 1992 and at 3.6 cases per 1000 patient-years in 1999. 1 As the survival of people living with HIV increases, malignancy has become a leading cause of death in this population. 2, 3 Between 25% and 40% of people living with HIV will develop cancer, with ;10% attributed to ARL; infection-related cancer is likely to become an increasingly important complication of long-term HIV infection. 4, 5 HIV-1 increases the risk for systemic DLBCL, the most common form of ARL, by 60-to 200-fold. 6 The pathogenesis of ARL is linked to the immunosuppression caused by HIV. Notable differences between AIDS-related DLBCL (AR-DLBCL) and DLBCL in the general population include a higher frequency of extranodal disease and prominent association with Epstein-Barr virus (EBV) and human herpesvirus-8 (HHV-8) gammaherpesviruses. The main cellular targets of HIV are the CD4 1 T cells, dendritic cells, and cells of monocyte-macrophage lineage. 7 HIV does not infect the neoplastic B cells; instead, the increased lymphomagenesis seen in HIV is hinged on its ability to manipulate the host immune system and the microenvironment.
A number of non-neoplastic cells such as reactive T cells, macrophages, and endothelial cells contribute to the tumor microenvironment and play a crucial role in tumor cell biology. Studies in sporadic DLBCL have identified distinct microenvironmental attributes that are predictive of the clinical behavior, 8, 9 however, there is a lack of studies exploring the characteristics of the non-neoplastic milieu in AR-DLBCL. Taking into consideration the impact of HIV on key microenvironment components and the mechanisms involved in the neoplastic complications of AIDS, we systematically studied the microenvironment in AR-DLBCL and compared it with specimens obtained from immunocompetent DLBCL patients. We hypothesized that there would be differences consistent with the consequences of HIV, the impact of HAART, and the role of oncogenic herpesviruses. An increased understanding of the microenvironment in the 2 periods of the HIV/AIDS epidemic should yield further insights into ARL pathophysiology and indicate new therapeutic strategies.
Methods Patients
For this retrospective study, we included 41 HIV-1-infected patients diagnosed with AIDS-related systemic DLBCL at St. Bartholomew Hospital between 1991 and 2011 with available formalin-fixed paraffin-embedded tissue suitable for immunohistochemistry from diagnostic biopsies. Cases of Burkitt lymphoma, PCNSL, primary effusion lymphoma, and large cell lymphoma arising in multicentric Castleman disease were excluded. Biopsies were reviewed independently by 2 expert hematopathologists (M.C. and A.M.L.) for confirmation of diagnosis based on current World Health Organization (WHO) criteria. 10 Patients had complete staging investigations including examination of bone marrow and cerebrospinal fluid. Twenty-nine patients received a diagnosis of AR-DLBCL in the era of HAART, defined as commencing on January 1, 1997. HAART comprises at least 3 antiretroviral agents in combination. Chemotherapy consisted of an anthracycline-based regimen but only 12 patients (29%) received rituximab-containing chemotherapy. Demographics, AR-DLBCL features, and HIV parameters are given in Table 1 .
For comparison, we analyzed 53 patients with DLBCL without HIV or other immunocompromising conditions diagnosed at St. Bartholomew Hospital between 1986 and 2011 with known clinicopathological features, treatment, and outcome (Table 1) . The specimens were randomly selected from Barts Cancer Institute Tissue Bank, using the presence of high-quality tissue suitable for immunohistochemistry from the diagnostic biopsy as the only criterion. Biopsies were also reviewed. All patients had an anthracyclinecontaining regimen and 23 patients (43.4%) received rituximab. Ethical approval was obtained from the institutional review board and written informed consent was given by all patients according to the Declaration of Helsinki.
Histology, TMA construction
For each case, standard hematoxylin-and-eosin (H&E) sections were studied and the tumor morphology recorded as centroblastic, immunoblastic, plasmablastic, or unclassified type as outlined in the WHO 2008 classification. Tissue microarrays (TMAs) were prepared from paraffin blocks using a manual tissue arrayer (Beecher Scientific). Triplicate 1-mm diameter cores were obtained from regions of characteristic morphology rich in malignant cells. The position of the cores taken from the tissue blocks was based on premarked H&E-stained sections. Cores were punched into a recipient paraffin block, cut to 3-mm thick sections, and transferred on glass slides.
Immunohistochemical and immunofluorescent labeling
After dewaxing, blocking in hydrogen peroxide/methanol solution, rehydration, and antigen retrieval, the slides were subjected to immunostaining. Primary antibody reaction was detected using a peroxidase-labeled system (Super Sensitive Polymer-HRP IHC Detection System; BioGenex). To characterize the tumor and evaluate the microenvironment, we selected a panel of monoclonal antibodies in 3 categories: (1) lymphoma panel consisting of CD20, CD10, MUM1, bcl-6, bcl-2, CD138, CD5, Ki67, p53, and PDL1; (2) viral factor panel comprising HIV-1 (p24 and tat), EBV (latent membrane protein 1 [LMP1]), and HHV-8 (LANA1); and (3) microenvironmentassociated panel including CD3, CD4, CD8, CD56, CD68, CD163, FOXP3,  TIA1, was carried out using diaminobenzidine (DAB) (brown) for CD34 accompanied by CD68 staining with VIP (purple) substrate from Vector Laboratories. Double staining was also performed for CD34 (DAB) followed by staining for HIV-1 p24 protein (VIP). Counterstaining was developed with Mayer hematoxylin. After antigen retrieval by pressure cooking the slides in citrate, double-immunofluorescent labeling of p24 in conjunction with CD68 was developed with use of fluorochrome-conjugated antibodies.
In situ hybridization for EBV infection
To detect EBERs, in situ hybridization was performed on TMA slides using the EBER1 oligonucleotide probe complementary to the viral nontranslated small RNA. Probing was visualized with the iVIEW blue detection kit (Ventana Medical Systems). Cases were considered positive or negative.
FISH for c-Myc translocation
Given the significance of c-Myc rearrangements in the molecular pathogenesis of AR-DLBCL, 6 we performed fluorescence in situ hybridization (FISH) analysis on TMA sections using a break-apart DNA probe (DAKO) specific for c-Myc/8p24 using the Histology FISH Accessory kit (DAKO). The hybridization signal was scored as described.
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Quantitative image analysis and manual counting
The slides were scanned with an Olympus BX61 microscope. A review of cores was performed to examine cellularity and enable valid analyses and comparisons; acellular and fibrotic portions were excluded after digital image processing. Immunostains were quantified using computerized image analysis (Ariol System, Applied Imaging; Genetix) based on pathologisttrained visual parameters and were reviewed independently by hematopathologists. Counting CD3, CD8, FOXP3, CD57, TIA1, perforin, and granzyme-positive cells by image analysis was expressed as a mean cell count per mm 2 of tissue. The number of CD4 1 as well as FOXP3 1 T cells per high-power field (hpf; 3400) was scored manually in 3 hpf per core and the average of the 3 cores was recorded. To enumerate macrophage density, we scored CD68 1 cells manually in 3 representative hpf per core. The percentage of macrophages in relation to overall cellularity was reported as an average of the 3 cores. Additionally, we calculated with image analysis the mean percentage the CD68-stained area, an account of the proportion of macrophages in the tumor mass. A similar analysis was done for CD163.
Assessing angiogenesis: counting microvessels and angiogenic sprouts
Blood vessels were highlighted by staining endothelial cells for CD34 antigen. Microvessels were recognized as described. 12 Individual microvessels were manually counted on a high-powered field (3400); 5 hpf were assessed within a core and counts were recorded. Microvessel density for each tumor was expressed as a mean microvessel count of the 3 cores. In addition to microvessels, angiogenic sprouts were analyzed independently. Any single, small (8-20 mm), round, endothelial structure lacking lumen or pericyte cuff located within the tumor region was considered a countable sprout. 13 
Statistical analysis
Categorical variables were summarized by counts and percentages, and continuous variables by medians and ranges or means and SDs. Comparisons between groups were performed using Mann-Whitney and Kruskal-Wallis tests for continuous characteristics and Pearson x 2 and Fisher tests for categorical variables. We used the Spearman rank coefficient for associations between continuous variables. Kaplan-Meier estimators were used for survival outcomes. Group comparisons for survival outcomes were tested with the log-rank method. The Cox proportional hazards model was used for survival analysis. Two-sided P values , .05 were considered significant.
Results

Clinical features
HIV-infected patients were more likely to be male (P 5 .038), develop lymphoma at younger age (P , .001), and present with extranodal disease (P , .001) than their uninfected counterparts. Compared with sporadic DLBCL, AR-DLBCL showed inferior progression-free (P 5 .006) and overall survival (P , .001). The outlook was improved after HAART, however, HIV-positive status remained a negative factor for overall survival (P 5 .012) but not for progression-free survival (P 5 .1). Univariate analysis revealed clinical factors associated with increased survival after AR-DLBCL including stage I or II disease (P 5 .004), age-adjusted International Prognostic Index (aaIPI) 0-1 (P , .001), no B-class symptoms (P 5 .003), no prior AIDS (P 5 .028), HAART treatment (P 5 .046), and rituximab-containing chemotherapy (P 5 .013), whereas CD4 count ,100 cells/mm 3 at presentation was not statistically significant. Multivariate analysis identified aaIPI 0-1 (P , .001) and rituximab treatment (P 5 .001) as predictors of survival.
Histologic analysis of tumor cells and c-Myc rearrangements
The aim of the study was to examine the diagnostic biopsies of the AR-DLBCL cases compared with sporadic DLBCL. Among HIVinfected patients, 22% had centroblastic, 48.8% immunoblastic, 9.7% plasmablastic lymphoma, and in the remaining 19.5% the histology was unclassified. Before HAART, immunoblastic DLBCL was seen in all cases whereas after HAART this decreased to 27.6%. Immunoblastic/plasmablastic morphology was associated with an adverse outcome (P , .001). Among patients without HIV, centroblastic DLBCL accounted for 69.7% and immunoblastic for 11.7%, whereas unclassified cytology was noted in 18.6%. Using immunohistochemistry, we studied tumor antigens in both groups ( Table 2 ). The immunophenotypic classification into germinal center (GC) and non-GC types was based on CD10, bcl-6, MUM1, with inclusion of CD138.
14, 15 Immunophenotype assignment was not statistically associated with survival outcome in these AR-DLBCL cases. Regarding antiapoptotic proteins, bcl-2 positivity and p53 overexpression were found in 44% and 47.2% of AR-DLBCL, respectively. Hyperproliferation was significantly more likely to occur in HIV-infected patients (P , .001). Rearrangements involving c-Myc were identified in 23.5% and 5.6% of HIV-infected and sporadic samples, respectively. c-Myc rearrangement was associated with hyperproliferation (P 5 .024) but no correlation was detected with lymphoma immunophenotype, morphology, p53, and aaIPI.
Differences in the composition of microenvironment between AR-DLBCL and sporadic DLBCL From our current perspective on immunosurveillance, infiltrating lymphocytes play a key role in the host defense against tumor. Specifically, activated cytotoxic and helper T cells are responsible for immune responses within the tumor microenvironment. In the context of AR-DLBCL, we expected distinctive changes in the microenvironment given the abnormalities in cell-mediated immunity caused by HIV. To test this hypothesis, we enumerated immune cells within AR-DLBCL biopsies and compared them to sporadic DLBCL. In fact, AR-DLBCL biopsies contained proportionally fewer but not statistically significant CD3 1 T lymphocytes (P 5 .107) but, as expected, markedly reduced CD4 1 (P , .001) and FOXP3
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T cells (P , .001). As a result of CD4 depletion, CD8 1 T cells formed the predominant type of the T-cell infiltrate. To identify tumor-infiltrating cytotoxic T lymphocytes (CTLs), we stained for TIA1, perforin, and granzyme B. Comparison of the 2 groups revealed a discrepancy in CTL highlighted by TIA1 and granzyme: TIA1 was more frequent among HIV-negative patients whereas granzyme expression was significantly higher in AR-DLBCL. The physiologic regulation of cytotoxic molecules may help explain this paradox: TIA1 is produced regardless of activation status while granzyme occurs in granules upon cell activation. 16, 17 Testing for CD56, a characteristic glycoprotein of natural killer (NK) and NKT cells, showed a paucity of positive cells in both groups, ruling out other cytolytic cell types. Thus, AR-DLBCL is characterized by a diminution in the proportion of helper and regulatory T cells and a disproportional enrichment in CTL, especially activated CTL ( Figure 1A ).
Differences in microenvironment between the 2 AIDS periods
The introduction of HAART had a notable impact on AR-DLBCL. Historically, the median survival pre-HAART was ,12 months, whereas after HAART it increased to 15 to 34 months. 18 This improvement is mainly attributed to the restoration of cell-mediated BLOOD, 18 JULY 2013 x VOLUME 122, NUMBER 3 THE MICROENVIRONMENT IN AIDS-RELATED DLBCL 427
immunity. As shown in Table 1 , HAART-era patients had higher CD4 counts and fewer AIDS-defining conditions than those presenting pre-HAART. We therefore asked whether improvements in cellular immunity were paralleled by changes in the composition of microenvironment. In comparing the data between the 2 periods, we found higher numbers of CD4 1 T cells in HAART-era specimens (P , .001) whereas expression of other lymphocytic markers was not significantly different ( Figure 1B) . We observed only a weak correlation between blood and tissue CD4 1 T-cell counts (r 5 0.32; P 5 .049) (data not shown).
Study of tumor-infiltrating macrophages and blood-vessel densities
Macrophages are a major target of HIV and a source of virus production. 7 Additionally, tumor-associated macrophages play diverse and critical roles in tumorigenesis. We found no significant difference in the number of CD68
1 macrophages or in their proportion in tumor mass between HIV-infected and uninfected patients or between the 2 eras ( Figure 2A ). Although HIV-1 infection strongly represses CD163 expression, orientating macrophages toward a proinflammatory phenotype, 19 we noted coordinate expression of CD68 and CD163 in our specimens as illustrated in Figure 2A , suggesting that AR-DLBCL-associated macrophages are alternatively activated (M2). We observed no statistically significant association between the number of macrophages and survival. However, a very poor outcome was noticed in the small number of patients with a very low number of macrophages.
Despite a body of in vitro evidence indicating a role for endothelial cells in AR-DLBCL biology, 20, 21 there is a lack of studies examining angiogenesis in clinical specimens. To examine angiogenesis, we assessed the microvessel density and the sprouts, a visible reflection of the dynamic process of angiogenesis. 13 Our analysis revealed that the amount of neovasculature was strikingly higher in AR-DLBCL (P , .001 both for microvessels and sprouts) than in sporadic DLBCL ( Figure 2B ). We next evaluated the relationship between blood-vessel density in AR-DLBCL and CD68
1 macrophages but we found no correlation in terms of microvessels (r 5 0.175; P 5 .095) or sprouts (r 5 0.174; P 5 .106). Likewise, no association was seen between microvessels and CD163, lymphocytic infiltration, Ki67, c-Myc status, CD4 count, aaIPI, extranodal involvement, and anatomical site of biopsy. In contrast, microvessels correlated positively with immunoblastic/ plasmablastic morphology (P 5 .007) and EBER positivity (P 5 .001). Figure 2C illustrates angiogenesis in 3 representative cases.
HIV-1 identification in samples
HIV-1 p24 antigen is a core component of HIV virions and its detection is characteristic of productive infection. HIV-1 p24 reactivity indicates active HIV replication with synthesis of virions within lymphoma tissue. Immunoperoxidase with anti-p24 was positive in 39% of specimens (Table 3 ). The number of positive cells was low, consisting of macrophages and reactive lymphocytes whereas lymphoma cells were negative. To ascertain the proportion of productively infected macrophages, we used immunofluorescence and demonstrated that HIV-1-producing macrophages represent ,0.5% of the CD68 1 population ( Figure 3A ). Such infected macrophages were especially seen in HAART-naive patients.
The HIV-1 tat protein plays a central role in HIV-1 regulation by promoting the transcription of genes encoding structural proteins such as p24. Tat released from infected cells is notable for its ability to circulate in blood or to pass through cell membranes and cause deregulation of intracellular pathways in uninfected cells including endothelial cells and B cells. 22 HIV-1, through its regulatory protein tat, has mechanistically been implicated in the pathogenesis of AR-DLBCL. 23 Immunohistochemical analysis for tat protein revealed that although its cellular distribution paralleled the p24 results, the tat-positive macrophages exceeded the number of productively infected (p24-positive) cells ( Figure 3B ). Thus, HIV-1-expressing AR-DLBCL contains a mosaic of infected and uninfected macrophages. Endothelial or lymphoma cells were tatnegative. Unlike previous reports of perivascular localization of p24-positive macrophages, 24 this localization was not observed in our study ( Figure 3C ).
Viral profiles and the biological basis of lymphocytic infiltration
Profiling the viral expression within AR-DLBCL, tissue was pursued through staining for EBER and LMP1 for EBV, LANA1 for HHV-8, and p24 for HIV-1 infection. Our results on HIV-1 and co-infecting viruses together with clinical data are presented in Table 3 . Coinfection with EBV or HHV-8 affected 60% of AR-DLBCL patients whereas ;20% were negative for EBV, HHV-8, and HIV-1 p24. EBV-positive cases included 30% type I and 70% type II/III latency. These results may have implications for pathogenesis because coinfection with gammaherpesviruses is a major cofactor for the development of ARL. When we plotted the viral profiles against the amount of tumor-infiltrating lymphocytes in AR-DLBCL, we observed that biopsies positive for LMP1 and/or p24 contained a markedly higher number of CTL than cases negative for the 2 viral antigens. Characteristically, the number of granzyme-positive CTL was lower in cases without LMP1 and p24 expression (P , .001). CTL infiltration of EBER-positive, LMP1-negative, and p24-negative specimens did not differ from the pattern seen in EBER-negative, p24-negative specimens ( Figure 4A) . Thus, the cytotoxic cell infiltration of AR-DLBCL is dependent on the presence of LMP1 or p24 viral antigens.
Immunoexhaustion and immunosenescence
PD1, an immune-checkpoint receptor, and its ligand PDL1 mediate a key inhibitory pathway called immunoexhaustion on activated T cells characterized by diminished cytotoxicity, decreased cytokine production, and increased apoptosis. T-cell exhaustion is present in chronic viral infections, where it has a negative impact on viral clearance, and in various cancers, where it is involved in tumormediated immune evasion. 25, 26 On immunohistochemical analysis, we identified PDL1-positive tumor cells in 28% and 26.8% of HIVinfected and uninfected cases, respectively. In AR-DLBCL, we noted a lower frequency of PD1-expressing T cells than in uninfected samples, consistent with the loss of CD4 1 T cells entailing HIV-1 infection. No correlation was found between PDL1 or PD1 expression and CD4 cell count, numbers of tumor-infiltrating cytotoxic T cells, AIDS period, histology, or viral profile. Figure 4B shows an example of PD1-PDL1 interaction. The expression of CD57 on T lymphocytes reflects the proportion of cells with an inability to proliferate. 27 In our study, levels of CD57 and C57:CD3 ratios did not differ between AR-DLBCL and sporadic DLBCL (P 5 .336 and P 5 .774, respectively).
Discussion
Our data show that features of HIV infection are echoed on the tumor microenvironment. An important biologic characteristic of AR-DLBCL is the depletion of CD4
1 and FOXP3 1 infiltrating T cells. Although the loss of cells was attenuated in the HAART era, their number remained significantly lower than in sporadic DLBCL. Several patients had not started HAART at the time of PD1-positive reactive lymphocytes are adjacent to, but also present within, the tumor whereas tumor cells demonstrate strong expression of the PD1 ligand, PDL1; *infiltrating sheets of tumor. Images were obtained with a Leica DM2500 microscope (original magnification, 3400), Leica DFC320 camera.
diagnosis as the lymphoma was their presenting illness. Two factors may account for the weak correlation between blood and tissue CD4 1 T cells. First, the cancer-host immunologic interaction is complex, especially in the case of AIDS-defining cancer. The CD4 count is not an unbiased measure of the degree of immunodeficiency. What is more accurate than blood CD4 kinetics in predicting AIDS is the decay of tissue lymphocytes and the involution of lymphoid organs. 28 Second, blood lymphocytes represent only 2% of the total lymphocyte pool and their composition differs from that within the organs during progressive HIV disease. 29 There is considerable evidence to indicate that initiation of angiogenesis, the so-called angiogenic switch, is mediated by factors released by the tumor and often by macrophages attracted to it. In this study, we found that AR-DLBCL is characterized by markedly higher angiogenic activity compared with sporadic DLBCL. Our data show that neovascularization is tumor-driven and linked to immunoblastic features and the EBV status of tumor. Accumulating data from experimental studies provide helpful groundwork for the biological link between EBV infection and the process of new-vessel development. The latent membrane protein LMP1 is known for its ability to cause transformation, proliferation, and immortalization of B cells through tumor necrosis factor receptorassociated factor-dependent activation of nuclear factor kB and Akt protein kinase pathways. 30 Signaling by LMP1 can alternatively upregulate HIF1 through Siah proteins resulting in vascular endothelial growth factor (VEGF) production and in this way promote angiogenesis. 31 In cells undergoing lytic infection, a lytic viral gene has also been recognized as angiogenesis activator. 32 Thus, induction of angiogenesis by EBV illustrates the important principle that distinct traits of neoplastic disease can be coregulated by the same transforming agent. 33 HIV-1 may also be involved in angiogenesis. Supporting this concept is an experiment made in mice. The HIV-1 tat gene introduced into the mouse germline as well as injections of tat protein led to the formation of cutaneous vascular lesions characterized by capillary proliferation. 34 Our preliminary data provide new perspectives for AR-DLBCL. Identifying the pathophysiology of angiogenesis in this disease could lead to improvements in our knowledge of the factors that control the angiogenic switch and enable these factors to be modified. Although our findings are consistent with tumor-driven angiogenesis, additional studies will be needed to define the relative roles of EBV, HIV-1, and possibly their synergism. What has practical implications is that the increased angiogenesis in AR-DLBCL represents an attractive target that could be exploited therapeutically. The monoclonal antibody to VEGF, bevacizumab, is currently being tested in clinical trials involving sporadic DLBCL and HIV-associated Kaposi sarcoma. 8, 35 Our observations suggest that angiogenesis inhibitors may be a promising new approach for AR-DLBCL, particularly EBV-positive immunoblastic/plasmablastic lymphoma which is characterized by marked angiogenesis and has an unfavorable outcome with standard treatment. 6 Furthermore, HIVprotease inhibitors can directly affect angiogenesis due to inhibition of matrix metalloprotease activity. 36 HAART containing a protease inhibitor may theoretically benefit the patient twofold by controlling HIV replication and tat and by limiting angiogenesis.
Another characteristic feature of AR-DLBCL was infiltration by CD8
1 T cells. Given the central role of viral infection in AR-DLBCL, we looked for antiviral footprints by plotting the number of CTL against the viral profile in biopsy. Our analysis revealed that the frequency of CTL was prominently higher among LMP1 and/or p24-expressing cases. These results suggest that the cytotoxic response in AR-DLBCL is causally associated with the presence of viral antigens either on tumor cells (LMP1) or in the milieu (p24). We also observed that the granzyme-positive CTL were substantially higher in AR-DLBCL than in sporadic DLBCL. Thus, the picture that emerges illustrates viral antigen-expressing DLBCL as more likely to raise a cytotoxic response than viral antigen-negative or nonviral cases. Since a major function of granzymes is the maintenance of immunosurveillance, 16 our data support the idea that surveillance of infection-linked cancer normally depends on reducing viral burden through killing virusinfected cells. Our findings might be also be taken as an argument that HIV patients, despite their immunosuppression, still have residual capability for immunologic defense against viral cancer mounted by CTL.
What are the implications of these observations for immunosurveillance? In viral antigen2positive AR-DLBCL, judging from the insufficiency of CTL to kill infected cells, pathways that impede cytotoxicity must occur. A recent study in mice pointed to the strategic role of CD4 1 T cells in eliminating LMP1-positive cells and in keeping LMP1-driven lymphomas in check. 37 In fact, CD4
1
T cells had superior in vivo cytolytic activity against LMP1-transformed cells. The killing activity developed by CD4 1 T cells is likely mediated by class II-dependent degranulation of granzymes. 38 Extrapolating our findings on the composition of microenvironment and taking into account that both CD4 1 and CD8 1 T cells are necessary for cytotoxicity, the lack of LMP1-reactive CD4 1 T cells could be the Achilles' heel of the tumor-killing response against LMP1-positive AR-DLBCL. On the basis of this hypothesis, substantial increments in CD4 1 T cells, through early initiation of HAART, should improve immunosurveillance and reduce the incidence of this type of AR-DLBCL. As such, AR-DLBCL expressing viral antigens is more likely to have an antitumor benefit after improvement of immunosurveillance. AR-DLBCL without viral antigens, like most sporadic DLBCL, is characterized by a low percentage of granzyme-positive CTL and thus this type of AR-DLBCL is best viewed as able to hide from immunosurveillance. After surveying additional immunosuppressive mechanisms, we noted PDL1 expression in 28% of AR-DLBCL. The significance of PD1-PDL1 in the immunotherapy of DLBCL remains to be defined, but this may have a therapeutic role. Preliminary evidence of clinical activity in various cancers suggest that immune-checkpoint-pathway inhibitors such as anti-PDL1 antibody may enhance T-cell responses and mediate antitumor activity. 39 As mentioned, our data provide a model in which granzyme production by CTL within AR-DLBCL suggests that these cells are activated against viral antigen. Nonetheless, our work is subject to the limitations of studies in fixed specimens. Additional studies in fresh tissue will be needed to characterize the function of tumorinfiltrating CTL and confirm their specificity.
Studying tumor macrophages revealed no differences in their numbers between HIV-infected and uninfected patients. In addition, we did not find between-group difference in the 2 AIDS periods and we did not observe a correlation between macrophages and survival. However, these observations should be interpreted with caution because the propagating HIV-1 within macrophages in combination with the chronic inflammation, systemic activation, and opportunistic infections could cause dynamic variations in macrophages. As found in the analysis of HIV-infected macrophages, productive infection demonstrated by p24 protein occurred in rare cells but a higher number expressed the tat protein. Such macrophages were found in 39% of samples, typically from HAART-naive patients.
